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Indications for Treatment
Versus Surveillance

A review of the currently available literature focused on categorizing intramural hematomas

and penetrating aortic ulcerations and when to treat them.
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cute aortic syndrome (AAS) encompasses

an array of potentially life-threatening aortic

pathologies, including dissection, intramural

hematoma (IMH), and penetrating aortic
ulcer (PAU). AAS includes a heterogeneous group
of patients; however, the underlying pathology uni-
versally involves disruption of the aortic intima and
media. These diagnoses frequently overlap, and the
initiating event may be difficult to pinpoint when
more than one of these processes are seen together.
Characteristics associated with elevated risk of PAU or
IMH include male sex, hypertension, and presentation
with chest pain. AAS represents potentially life-threat-
ening disease processes, and therefore expeditious
diagnosis, anatomic characterization, and treatment
with hemodynamic control and/or intervention are
essential in minimizing the morbidity and mortality
associated with these conditions.

PAUs and IMHs involve the thoracic aorta in approxi-
mately 60% to 70% of cases, with PAUs frequently
diagnosed incidentally outside of the acute phase." PAU
can evolve into an IMH, dissection, pseudoaneurysm, or
aortic rupture. One in eight patients with acute aortic
dissection may have a component of PAU or IMH.2
The risk of aortic rupture has been demonstrated to be
higher (40%) with an aortic dissection with PAU than
with type A dissection alone (7%) or type B dissection
alone (3.6%). The rupture rate of PAU alone without
aortic dissection ranges from 4.1% to 38%, and it can
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be as high as 18% to 26% for IMH alone without aortic
dissection in acute presentations."# Initial manage-
ment of PAU and IMH involves close hemodynamic
monitoring, with medical treatment aiming to control
blood pressure (BP) and heart rate. Close monitoring
for changes in signs and symptoms as well as interval
reimaging are essential in guiding appropriate decision-
making on the need for intervention.

PENETRATING AORTIC ULCER

First diagnosed as a unique condition in 1986 by Stanson
et al, an isolated PAU is characterized by disruption of the
arterial intima and elastic lamina that extends into the
media within the atherosclerotic aorta.” This disruption
results in a focal outpouching through an area of vascular
calcification with associated arterial flow and is most often
noted on CTA (Figure 1)."2 PAU is frequently diagnosed
incidentally, outside of the acute phase. An isolated PAU
may have an indolent clinical course, as in the setting of
the asymptomatic, stable, incidentally noted ulceration,
or it may enlarge or develop associated IMH, dissection,
pseudoaneurysm, or rupture.'” Some PAU cases may
present with associated IMH, as characterized by the
presence of an ulcer-like projection in conjunction with
surrounding hematoma extending along the aortic wall
seen on CT. Isolated PAUs are seen in 2.3% to 7.6% of AAS
cases and can be identified in all segments of the aorta;
however, they are more common in the thoracic than the
abdominal aorta and are most common in the descending



thoracic aorta (62%).2® PAU may occur in a solitary loca-
tion or in multiple segments of the aorta; however, when
the ascending aorta is involved, rupture or concomitant
IMH are more common.?? In a single-institution review of
PAU, the incidence of rupture on presentation was 4.1%,
and endovascular or open repair was required in 12.9%.
The rupture rate has been reported to be as high as 38%
for PAU in an acute presentation, which is considerably
higher than that seen for aortic dissection.? Indications for
repair include persistent or recurrent symptoms, rupture,
or development of pseudoaneurysm. The indications for
intervention versus observation for asymptomatic PAU is
still unclear, with some authors advocating against repair
in the acute setting.

INTRAMURAL HEMATOMA

IMH is defined as disruption in the intima of the aortic
wall leading to penetration of the media and accumula-
tion of blood within the wall, without the identifiable flap
associated with true aortic dissection.'®"? The location of
the intimal disruption may be difficult to visualize given
that intramural blood is thrombosed (Figure 2). This char-
acteristic differs from the persistent false lumen flow char-
acteristic of aortic dissection. IMH can coexist with PAU
in 45% of cases and may develop into progressive aortic
dissection or aneurysm.'""? The incidence of IMH has been
documented in 5% to 20% of all AAS cases.>™ IMH may
resolve in nearly all patients who undergo endovascular
intervention. Progression to aortic dissection has been
reported in 28% to 74% of patients with IMH, and up to
20% to 45% of patients develop aneurysmal degeneration
with or without a contained rupture.”

CLASSIFICATION

DeBakey and Stanford classifications have histori-
cally been the most commonly used aortic dissection
classification systems. Stanford classification takes into
consideration the presence (type A) or absence (type B)
of ascending aortic involvement. DeBakey classification
is based on the site of origin and termination of the
dissection, with type | originating in the ascending aorta
and extending past the aortic arch, type Il originating
and terminating in the ascending aorta, and type ll|
originating in the descending aorta and extending
distally.'*"

Similarly, PAU and IMH can be classified into pres-
ence (type A) or absence (type B) of ascending aortic
involvement.”? Type A IMH involves the ascending
thoracic aorta or aortic arch, and type B IMH involves
the descending thoracic aorta distal to the takeoff of
the left subclavian artery. Due to the high mortality rate
(55%) when managed medically, a type A IMH is typi-

Figure 2. IMH of the descending thoracic aorta.

cally repaired with emergent surgical intervention.'>¢
Type B PAU and IMH may be managed more con-
servatively than aortic dissection, with overall similar
outcomes for dissection in the same anatomic distribu-
tion." Recently, new reporting standards have been
described for type B aortic dissections that take into
account the chronicity of the dissection in addition to
the presence of concomitant aortic processes such as
IMH and PAU."
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DIAGNOSIS

Prompt diagnosis of AAS is imperative given the 30-day
mortality rate of > 50% for aortic dissection and its associ-
ated findings.’®" Diagnosis of AAS is best made with the
use of CTA of the chest and abdomen, ideally including
the region extending from 3 cm above the aortic arch to
the femoral vessels bilaterally. MRI may be more sensi-
tive in detecting small PAU or IMH; however, contrast
enhancement (ie, MRA) is essential for detecting small
intimal defects.? Transesophageal echocardiography may
also be used to assist in the diagnosis of ascending aortic
and arch pathology.?®

Common clinical presentations include chest pain,
back pain, and hypertension."? Pain is the most com-
mon clinical presentation and results from stimulation
of the aortic nerve plexus by rapid expansion.’"! AAS-
related pain is typically described as severe, intense,
acute-onset searing or tearing and is sometimes throb-
bing in nature. Pain in the distribution of the anterior
chest, neck, and jaw may indicate ascending aortic
involvement, whereas back and abdominal pain more
frequently indicate thoracic involvement.?' Although
rare, distal embolization may be a presenting finding
of PAU if thrombus forms on its surface, and it is more
common in abdominal aortic than thoracic PAU.?
Reported characteristics of the pain may change as the
pathology of PAU and IMH evolves. Risk factors for the
development of AAS include age > 70 years, male sex,
hypertension, cocaine or other stimulant use, athero-
sclerosis, previous aortic operation, previous catheter-
based interventions, bicuspid aortic valve, and connec-
tive tissue disorders.">'> One study documented that
approximately 9% of patients were asymptomatic on
presentation.’’

When IMH or PAU are diagnosed, initial workup
should include an electrocardiogram, chest x-ray, and
basic blood work (creatinine, complete blood count,
liver function tests, toxicology screen, type and screen,
D-dimer, and troponin) to rule out concomitant acute
coronary syndrome. Chest x-ray may demonstrate a
pleural effusion or widened mediastinum or may appear
normal, but these findings would also be seen on CTA.™

Predictors of complications in the setting of AAS are
recurrent symptoms, persistent pain despite adequate
BP control, presence of PAU, involvement of the
ascending aorta, end-organ ischemia, aortic diameter
> 5 cm, enlarging aortic diameter during surveillance
interval, aortic wall thickness > 11 mm, recurrent pleu-
ral effusions, and difficult BP control."'31%23 An IMH in
patients with an associated PAU has been demonstrat-
ed to progress more frequently than an IMH without
PAU (48% vs 8%).1?
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MEDICAL MANAGEMENT AND
INDICATIONS FOR INTERVENTION

Initial treatment of PAU or IMH should aim to
decrease aortic wall stress to reduce the likelihood of
progression to dissection or rupture. Pain control is
an essential component of initial and ongoing man-
agement because analgesics can aid in decreasing the
sympathomimetic-related increase in heart rate seen
in these patients.?* In symptomatic patients with PAU
or IMH, intensive care unit admission is warranted for
close hemodynamic monitoring. Tight control of heart
rate and BP with goals of 60 to 80 bpm and 100 to
120 mm Hg systolic, respectively, are the mainstays of
hemodynamic control.2242> The first line of treatment
includes a tailored approach with intravenous 3-blockers
(propranolol, metoprolol, labetalol, esmolol). Non-
dihydropyridine calcium channel blockers such as vera-
pamil or diltiazem may be considered in patients who
are intolerant to -blockers. Vasodilators (eg, sodium
nitroprusside) are second-line agents that may be added
to B-blocker regimens to achieve rapid BP optimization.

Thoracic endovascular aortic repair (TEVAR) is recom-
mended for complicated AAS, including dissection defined
by persistent or recurrent pain, uncontrolled hyperten-
sion despite aggressive medical therapy, aortic expansion,
malperfusion, or rupture. The presence of hypertension
and symptoms on presentation predicts eventual need
for repair. In a study by Nathan et al, 36% of such patients
required repair, even if the PAU was initially treated with
conservative management resulting in resolution of pain.’
Indications for repair include pseudoaneurysm with diam-
eter > 2 cm, rupture, dissection, hemodynamic instability,
organ ischemia, failure to adequately respond to antihy-
pertensive treatment, maximum aortic diameter > 55 mm,
PAU base > 20 mm or depth > 15 mm, IMH with signifi-
cant periaortic hemorrhage, or persistent or recurrent
symptoms.'?%2627 The method of repair can be TEVAR
with carotid-subclavian bypass, endovascular aneurysm
repair, or open surgery if there is involvement of the aortic
arch and visceral vessels.!

Significant predictors of PAU progression as seen on
serial imaging are symptomatic status and PAU depth
> 15 mm, which has been found to be an independent
predictor of mortality."?’ In the cohort evaluated by
Nathan et al, 43% of symptomatic patients had radio-
graphic progression in the surveillance interval, highlight-
ing the importance of close surveillance in this popula-
tion.! Of note, there was no difference in disease progres-
sion between PAUs, PAUs with saccular aneurysms, or
PAUs with IMH." A PAU with a 10-mm neck has also
been suggested to be an indication to undergo early sur-
gical intervention.” There was no difference in disease



Patient presents with acute PAU or IMH:
Initial treatment with heart rate and blood pressure control

Patient asymptomatic:
Observe, perform repeat imaging in 24-48 h
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Follow-up with repeat imaging in
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instability, organ ischemia, or rupture
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Patient symptomatic:
Pain, hemodynamic instability, organ ischemia, or rupture
Presence of dissection, saccular aneurysm > 2 cm, PAU > 15 mm in depth

N

—> Proceed immediately to repair

Figure 3. Flow diagram demonstrating steps in management of patients diagnosed with PAU or IMH.

progression between type B PAUs, PAUs with saccular
aneurysms, or PAUs with IMH in the study by Nathan
et al; however, < 20% of PAUs were symptomatic on
presentation.’ A flow diagram to help manage patients
with symptomatic and asymptomatic PAU and/or IMH
is shown in Figure 3.

Due to the high associated mortality rate, PAU and
IMH involving the ascending thoracic aorta warrant
emergent surgical intervention.'® Traditionally treated
with open surgical repair, endovascular repair may be
possible in as many as 20% to 30% of cases, but these
patients must be deemed inoperable for open repair and
require treatment at a highly specialized center.? As there
are currently no commercially available endovascular
devices for treatment of the ascending aorta, strategies
for repair include proximal aortic cuffs, snorkeling paral-
lel grafts, and surgeon-modified devices. Uncomplicated
ascending aortic hematomas may be managed medically,
but as many as 45% of these patients may progress to
aortic enlargement or dissection, so close observation is
imperative.?®

Treatment of PAU and IMH in the descending thoracic
aorta usually includes endovascular stent grafting when
possible, with carotid-subclavian bypass if coverage of the
left subclavian artery is necessary because open opera-
tive repair has a mortality rate of 16%."%'3?4 Longer stent
grafts (20-25 cm) are often preferred to cover all areas
of intimal disruption.?® Figure 4 shows aortic remodeling
that is common after treatment of an IMH with a TEVAR
device at 1-month follow-up.

A recent literature review on TEVAR of AAS over the
last 10 years indicates a 30-day mortality rate of only

4.8%, technical success rate of 98.3%, and early morbid-
ity rate of 36.4%, the majority of which were access

or endoleak related."?” The left subclavian artery was
covered in 21.8% of cases, and spinal drains were placed
preventively in 24.7% of cases, with neurologic events of
stroke and paraplegia occurring in only 2.4% of patients."
Eighty percent of cases used only one TEVAR device, and
mean in-hospital length of stay was 7 days."" Survival
rates after TEVAR for PAU were 91.1%, 79.3%, and 67.3%
at 1, 3, and 5 years, respectively." This led the authors

to conclude that patients with asymptomatic incidental
findings of PAU should be observed, whereas patients
with recurrent or persistent symptoms despite optimal
medical therapy, aortic diameter > 5.5 cm or an increase
of 2 10 mm in size growth per year, and development

of dissection, aneurysm, rupture, fistula, or IMH should
undergo TEVAR repair."

Abdominal aortic PAUs that are diagnosed incidentally
can often be safely observed. Flohr et al performed a retro-
spective analysis of incidentally found PAU of the abdominal
aorta and concluded that long-term mortality of this popu-
lation was high; however, there were no observed ruptures
in their 36-month follow-up data, and there was no differ-
ence in mortality or aortic pathology in patients with rates
of growth > 1 mm per year versus < 1 mm per year?

For patients with incidentally found aortic PAU or
IMH or those who become asymptomatic with medical
management alone, close follow-up is imperative. After
hospital discharge on an appropriate medical regimen
for heart rate and BP control, repeat CTA at 1, 3, 6, and
12 months should be performed, with annual surveil-
lance thereafter if stable.?* Patients who have undergone
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Figure 4. IMH of the descending thoracic aorta preinterven-
tion (A) and after endograft repair with aortic remodeling (B).

endovascular repair with a stent graft or open repair for

isolated PAU or IMH should also undergo continued sur-

veillance with CTA.

CONCLUSION

PAUs and IMHs are often seen together or in conjunc-
tion with acute aortic dissection. When diagnosed in the

symptomatic patient, these complex aortic pathologies
represent a potentially life-threatening medical condi-
tion. Prompt identification, medical management, and

patient selection for intervention are critical components

of care, along with long-term surveillance. m

1. Nathan DP, Boonn W, Lai E, et al. Presentation, complications, and natural history of penetrating atherosclerotic

ulcer disease. J Vasc Surg. 2012;55:10-15. doi: 10.1016/},jv5.2011.08.005

2. Oderich GS, Karkkéinen JM, Reed NR, et al. Penetrating aortic ulcer and intramural hematoma. Cardiovasc
Intervent Radiol. 2019;42:321-334. doi: 10.1007/500270-018-2114-x

3. Coady MA, Rizzo JA, Hammond GL, et al. Penetrating ulcer of the thoracic aorta: what s it? How do we
recognize it? How do we manage it? J Vasc Surg. 1998;27:1006-1015; discussion 1015-6. doi: 10.1016/50741-
5214(98)70003-5

4. Tittle SL, Lynch RJ, Cole PE, et al. Midterm follow-up of penetrating ulcer and intramural hematoma of the aorta.

J Thorac Cardiovasc Surg. 2002;123:1051-1059. doi: 10.1067/mtc.2002.121681

5. Chou AS, Ziganshin BA, Charilaou P, et al. Long-term behavior of aortic intramural hematomas and penetrating

ulcers. J Thorac Cardiovasc Surg. 2016;151:361-373.¢1. doi: 10.1016/.jtcvs.2015.09.012

6. Gifford SM, Duncan AA, Greiten LE, et al. The natural history and outcomes for thoracic and abdominal penetrat-

ing aortic ulcers. J Vasc Surg. 2016;63:1182-1188. doi: 10.1016/},jv5.2015.11.050

7. Stanson AW, Kazmier FJ, Hollier LH, et al. Penetrating therosclerotic ulcers of the thoracic aorta: natural history

and clinicopathologic correlations. Ann Vasc Surg. 1986;1:15-23.
8. Flohr TR, Hagspiel KD, Jain A, et al. The history of incidentally discovered penetrating aortic ulcers of the
abdominal aorta. Ann Vasc Surg. 2016;31:8-17. doi: 10.1016/j.avsg.2015.08.028

9. Georgiadis GS, Antoniou GA, Georgakarakos El, et al. Surgical or endovascular therapy of abdominal penetrating

aortic ulcers and their natural history: a systematic review. J Vasc Interv Radiol. 2013;24:1437-1449.e3. doi:
10.1016/jvir.2013.05.067

10. Krukenberg E. Contribution to the question of dissecting aneurysm. Beitr Pathol Anat Allg Pathol. 1920,67:329-51.

11. D'Annoville T, 0zdemir BA, Alric P, et al. Thoracic endovascular aortic repair for penetrating aortic ulcer:
literature review. Ann Thorac Surg. 2016;101:2272-2278. doi: 10.1016/}.athoracsur.2015.12.036

12. Bonaca MP, 0'Gara PT. Diagnosis and management of acute aortic syndromes: dissection, intramural hema-
toma, and penetrating aortic ulcer. Curr Cardiol Rep. 2014;16:536. doi: 10.1007/511886-014-0536-

82 ENDOVASCULAR TODAY NOVEMBER 2020 VOL.19, NO. 11

13. Ganaha F, Miller DC, Sugimoto K, et al. Prognosis of aortic intramural hematoma with and without penetrat-
ing atherosclerotic ulcer: a clinical and radiological analysis. Circulation. 2002;106:342-348. doi: 10.1161/01.
(ir.0000022164.26075.5a

14. Debakey M, Beall AJ, Cooley D, et al. Dissecting aneurysms of the aorta. Surg Clin North Am.
1966;46:1045-1055. doi: 10.1016/50039-6109(16)37946-4

15. Daily P, Trueblood H, Stinson E, et al. Management of acute aortic dissections. Ann Thoracic Surg.
1970;10:237-247. doi: 10.1016/50003-4975(10)65594-4

16. von Kodolitsch Y, Csosz SK, Koschyk DH, et al. Intramural hematoma of the aorta:predictors of progression to
dissection and rupture. Circulation. 2003;107:1158-1163. doi: 10.1161/01.ir.0000052628.77047.ea

17. Lombardi JV, Hughes GC, Appoo JJ, et al. Society for Vascular Surgery (SVS) and Society of Thoracic Surgeons (STS)
reporting standards for type B aortic dissections. J Viasc Surg. 2020;71:723-747. doi: 10.1016/},v5.2019.11.013

18. Hagan PG, Nienaber CA, Isselbacher EM, et al. The International Registry of Acute Aortic Dissection (IRAD):
new insights into an old disease. JAMA. 2000;283:897-903. doi: 10.1001/jama.283.7.897

19. Howard DP, Banerjee A, Fairhead JF, et al. Population-based study of incidence and outcome of acute

aortic dissection and premorbid risk factor control: 10-year results from the Oxford Vascular Study. Circulation.
2013;127:2031-2037.doi: 10.1161/CIRCULATIONAHA.112.000483

20. Evangelista A, Garcia-del-Castillo H, Gonzalez-Alujas T, et al. Diagnosis of ascending aortic dissection by
transesophageal echocardiography: utility of M-mode in recognizing artifacts. J Am Coll Cardiol. 1996;27:102-107.
doi: 10.1016/0735-1097(95)00414-9

21. Wooley CF, Sparks EH, Boudoulas H. Aortic pain. Prog Cardiovasc Dis. 1998;40:563-589. doi: 10.1016/50033-
0620(98)80004-2

22. Faroog MM, Kling K, Yamini D, et al. Penetrating ulceration of the infrarenal aorta: case reports of an embolic
and an asymptomatic lesion. Ann Vasc Surg. 2001;15:255-259. doi: 10.1007/5100160010062

23. Sundt TM. Intramural hematoma and penetrating aortic ulcer. Curr Opin Cardiol. 2007;22:504-509.

doi: 10.1097/HC0.0b013e3282f0fd72

24. Dudzinski DM, Isselbacher EM. Diagnosis and management of thoracic aortic disease. Curr Cardiol Rep.
2015;17:106. doi: 10.1007/511886-015-0655-2

25. Clough RE, Nienaber CA. Management of acute aortic syndrome. Nat Rev Cardiol. 2015;12:103-114.

doi: 10.1038/nrcardio.2014.203

26. Eggebrecht H, Plicht B, Kahlert P, Erbel R. Intramural hematoma and penetrating ulcers: indications to endovas-
cular treatment. Eur J Vasc Endovasc Surg. 2009;38:659-665. doi: 10.1016/.¢jv5.2009.09.001

27. Janosi RA, Gorla R, Tsagakis K, et al. Thoracic endovascular repair of complicated penetrating aortic ulcer:

an 11-year single-center experience. J Endovasc Ther. 2016;23:150-159. doi: 10.1177/1526602815613790

28. Kaji S, Akasaka T, Horibata Y, et al. Long-term prognosis of patients with type A aortic intramural hematoma.
Circulation. 2002;106(12 suppl 1):1248-252.

Lindsey M. Korepta, MD, RPVI

Assistant Professor of Surgery

Division of Vascular Surgery and Endovascular Therapy
Loyola University Medical Center

Stritch School of Medicine

Maywood, lllinois

lindsey.korepta@lumc.edu

Disclosures: None.

Bernadette Aulivola, MD, MS, RVT, RPVI
Professor of Surgery

Director, Division of Vascular Surgery and
Endovascular Therapy

Loyola University Medical Center

Stritch School of Medicine

Maywood, lllinois

baulivola@lumc.edu

Disclosures: None.




